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Outline

• Cool roofs: Observations vs. Modeling

– Large-scale deployment

• What’s new here � Modeling system

– Feedbacks to atmosphere

• Findings

– Cool roof and cool pavements

– Desert photovoltaic power plants



The Provence of Almeria

Campra et al. (2008)

Spain





Annual surface temperature by region

Campra et al. (2008)



Regions with no change to roof materials

Regions with new white roof greenhouse 

use

Annual surface temperature by region

Campra et al. (2008)



Observations vs. Models

• ~1 °C reduction in temperature observed

• Similar temp. reductions from models

� 1-2 °C reductions at 6 CA urban areas (Taha 

2008)

� Roughly similar modeling results found in studies 

at Athens (Synnefa et al 2008), and New York 

(Lynn et al 2009)

• Can we assume the same result everywhere?

– Even over a large domain, and long time period?



Regional Climate Model

•Initial Conditions

•Continuously updated boundary conditions

(Winds, pressure, water, temperature)





How well does the model do?
– Temperature (can capture ~55% of the variance)

– Precipitation

• Observations based on radar and gauge measurements (NWS)

• Comparison is accumulated rainfall over the year 2005

Observations Model

mm
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Temperature change from cool cities

• Averaged over 12-years (1 pm PST)

• Hatched areas: significantly different from no change (95% C.I.)

°C



Temperature change from cool cities



Temperature change from cool cities



California summer average 

temperature reductions: 

• 0.2 – 0.3 °C in most 

urban regions

• up to 0.6 °C in Los 

Angeles

• No feedback issues

°C



Equivalent carbon reductions 

1 m2 of cool surface = ??? avoided tons of CO2

Assumptions:

• 0.91 kW t-1 atmospheric CO2 radiative change

- Menon et al 2010, Akabari et al 2009

• 55% atmospheric retention of emitted CO2

- IPCC 2007



Equivalent carbon reductions 

Cool roofs and pavements Annual values

Increase to outgoing radiation 0.16±0.03 W m-2

CO2 per roof area 175±33 kg CO2 m-2

CO2 per pavement area 125±33 kg CO2 m-2

National Total offset 3.3±0.5 Gt CO2



Cool roofs vs. photovoltaic panels

Alameda County Jail (California)
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Temperature change from PV
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Temperature change from PV
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Cool Roofs

• Increased urban albedo leads to significant cooling

• Coupled land-atmosphere modeling demonstrates 
regional differences due to albedo changes

• No urban areas see average warming

-A few cities do not see average cooling

• CO2 offset, 3.3 Gt (175 kg / m2 roof)

Photovoltaic Power

• Temperature and weather effects – 102 km

• Continental scale, year-to-year variability high

Summary


